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Abstract
The sickle cell trait has been widely considered a classic example of human evolution in action
because of the mutation’s ability to protect against malarial infections. Under normal
physiological conditions, Plasmodium falciparum is capable of reproducing and spreading
systemically, however individuals carrying the sickle cell trait possess sickled erythrocytes that
excessively leak potassium, resulting in the inhibition of P. falciparum development. Recent
studies have shown that the mutation responsible for the sickle cell trait – hemoglobin S (HbS)
mutation – is higher in areas of the world where malaria is endemic. This indicates that the
mutation is nonrandom in nature, driven by environmental pressure rather than random
occurrence, countering a central criterion that the classic evolutionary theory postulates. Further
research concludes that the sickle cell trait is the result of a de novo mutation because they often
arise in individuals whose parents are both homozygous for HbA. A Master Bioengineer and
Creator has anticipated the future of changing conditions and has provided humans the ability to
adapt to one’s environment via epigenetics – the stimulation or suppression of a gene’s
expression. Paralleling how the human body constantly engages in short-term physiological
adaptions like reflexes and homeostasis to survive, the body can also promote the expression of
certain beneficial mutations like the HbS mutation to modulate life-threatening malarial parasites
(P. falciparum).
Objectives
1. Explain how sickle cell trait effects the malaria parasite, Plasmodium falciparum.
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2. Describe a Creationist’s approach and rationale concerning the sickle cell trait mutation in
contrast to the neo-Darwinian view.
3. Describe and contrast the clinical implications of sickle cell disease and malaria.
A classic example of human ‘evolution in action’ is the sickle cell anemia trait so claimed
improving survival of falciparum malaria. In
1954, Anthony Allison published an
“evolutionary” link between the sickle-cell
trait and malaria resistance and his studies
have been published thousands of times in
textbooks, journal articles, videos and more,
including an HHMI film, The Making of the
Fittest: Natural Selection in Humans, which
won several secular awards. Then, in January
2022, a major secular journal article published
a challenge to the dogma of Darwinian
science. This article explores the so-called
‘evolutionary’ connection between an
infectious disease, malaria, and a genetic Fig. 1. A sickled erythrocyte compared to unaffected
condition, sickle cell anemia. Sickle cell erythrocytes. Image by Netha Hussain, via Wikimedia
Commons.
disease is caused by a variant of the betaglobin gene called sickle hemoglobin (HbS).
Hemoglobin is a complex protein composed of two alpha chains and two beta chains, with each
chain covalently bound to an oxygen-carrying group, heme. Under normal conditions, each
hemoglobin protein can carry four oxygen molecules, while hemoglobin with an HbS mutation
results in reduced oxygen uptake. HbS is due to a mutation substituting thymine for adenine in the
sixth codon of the beta-chain gene, GAG to GTG. This type of mutation is known as a single
nucleotide polymorphism (SNP) since a single nucleotide is altered in over 1% of the population.
Humans who are heterozygous for the sickle cell allele are said to have an evolutionary advantage
in areas that are endemic for falciparum malaria. The explanation has traditionally explained that
a benefit or advantage for humans is that Plasmodium-infected erythrocytes, when trapped in
visceral capillaries, will sickle, resulting in damage to the erythrocytic membranes. This causes
excessive leakage of potassium from the erythrocytes, and this is unsuitable for the malaria parasite
(Plasmodium falciparum) in its development and multiplication. Due to the deficiency of
potassium in sickled erythrocytes (Fig.1), the body can defend against the parasitic attack.
Classically, biologists think about biological fitness and cost/benefit ratios, and it is accepted that
the HbS mutation’s benefits outweigh the cost of anemic symptoms.
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P. falciparum is by far the greatest threat to humans
(Fig. 2). It can infect up to 80% of its victims’ blood
(approximately 24 trillion cells), forty times more than
its cousin P. vivax. Its ring stage may have as many as
3 trophozoites per red blood cell, whereas P. vivax has
only one trophozoite. P. falciparum accounts for 91%
of malaria cases worldwide (Gillen and Sherwin, 2013).
A recent set of studies from Israeli and Ghanaian
researchers provides new evidence of nonrandom Fig. 2. P. falciparum gametocyte and
mutations in human genes, challenging a core other stages in blood. Image by CDC/Dr.
Mae Melvin Creation via Wikimedia
assumption at the heart of “classic” evolutionary theory commons.
by showcasing a long-term directional mutational
response to environmental pressure. Using both linear and PCR amplification, the researchers were
able to analyze the DNA from tens to hundreds of millions of sperm from Ghanaian and European
donors, thus providing a representation of the half genomes of millions of potential individuals.
The researchers showed that the rate of generation of the HbS mutation, which protects against
malaria, is higher in the Ghanaian people of Africa where malaria is endemic, then in European
people where malaria is not endemic. These findings thus combat the underlying principles of neoDarwinism which posits that genetic mutations occur randomly and are then either kept or rejected
by natural selection.
For over 60 years, the leading “theory of evolution” first developed by Dr. Anthony Allison
(M.D.) has been based on random mutations and Darwinian evolution. The results show that the
HbS mutation is not generated at random but instead originates preferentially in the gene and in
the population where it is of adaptive significance. It is not a Darwinian, natural selection feat by
random chance events. Unlike other findings on mutation origination, this mutation-specific
response to a specific environmental pressure cannot be explained by traditional theories. The
new hypothesis by evolutionists is influenced by two sources of information: external
information that is natural selection, and internal information that is accumulated in the genome
through the generations and impacts the origination of mutations. It appears the phenomenon is
epigenetic. The human body is designed to adapt with genomic plasticity and respond to
environmental pressures. The study implies natural selection is not creating anything and it is no
happy accident; a Skilled Craftsman Bioengineered the human body for changing environments.
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Sickle Cell Anemia: A Beneficial Mutation?
Certainly, mutations can cause changes in structure, but the
student should ask what kind of changes are produced. Are
these changes good or bad? We rightly call mutations
mistakes in DNA. It is unlikely that these random mistakes in
the DNA produce good changes that would last for
generations. About 99.9% of mutations are harmful, and many
of these are fatal. One of the few examples that evolutionists
frequently give of a beneficial mutation (positive change) in
humans is the sickle cell trait.
Possession of the sickle cell trait refers to the people who are
carriers for the disease (i.e., one good gene and one bad gene)
but do not suffer the severe complications of sickle cell
anemia. People with two effected genes, however, develop the
full sickle cell disease (CDC, 2020).
Sickle cell anemia is a blood disease (carried by a recessive
gene) in 8-11% of the black population in the United States. It
Fig. 3. The change from glutamate
is caused by an abnormal form of hemoglobin called in HbA to valine in HbS, resulting in
hemoglobin S. This defect is the result of a single DNA base a defective beta-chain. Image by
change, that switches GAG to GTG, causing the amino acid Jsan92, via Wikimedia Commons.
valine to be produced instead of glutamate in hemoglobin’s
beta chain. The hydrophobic valine that replaces the hydrophilic, negatively charged glutamate
not only decreases the solubility of hemoglobin S, but also changes the overall shape of
hemoglobin, thus affecting its function. The one change in amino acids caused the beta chains to
link together under low oxygen conditions, forming stiff rods so that hemoglobin becomes spiky
and sharp. The long chains in of sickle cell hemoglobin stretch the red blood cell so that it looks
banana shaped. This causes erythrocytes to
become crescent shaped when they unload
oxygen molecules or when the oxygen
content in the blood is lower than normal.
This typically occurs during aerobic exercise
or other activities that increase the metabolic
rate. Therefore, those diagnosed with sickle
cell anemia tire easily and get incredibly
fatigued due to their hemoglobin’s low
oxygen-carrying capacity. They cannot
participate in athletic activities (or even
exercise) for long and can experience
complications ranging from stroke to liver
and kidney problems (CDC, 2022). If you
Fig. 4. Difference between normal and sickle cell
think that sickle cell disease is a beneficial
hemoglobin structures under low oxygen conditions.
(Alan Gillen, PowerPoint image)
mutation, interview anyone who has the
disease.
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The senior author once worked in a predominantly Afro-American high school for four years and
saw the emotional and physical pain that accompanies sickle cell anemia patients and their
families. They do not look at this genetic mutation as an evolutionary advantage. These people are
looking for an effective treatment, or cure. The sickle cell mutation obviously carries a
disadvantage in America. In Africa, however, carriers for sickle cell anemia have both hemoglobin
A and hemoglobin S in their blood cells. As a result, the carriers are more resistant to malaria than
noncarriers, and they do not have the severe
complications that sickle cell disease brings. This is
because the parasite that causes malaria, Plasmodium
falciparum, cannot live in red blood cells that contain
hemoglobin S in limited regions (Fig. 5). The
observations of Dr. Anthony Allison (M.D.) have some
interest even today; but it is not the whole story.
Therefore, carriers do have a better chance of not Fig. 5. Distribution of P. falciparum
contracting malaria in Africa. Wherever malaria is abundance and sickle cell trait. Notice the
rampant, there is an advantage to carrying the sickle cell overlap. Anthony Allison, via Wikimedia
commons.
trait.
Under low oxygen tension, HbS is less soluble than normal hemoglobin. Resistance to malaria
appears to be the result of the sickling process. Upon infection by the mosquito-borne protozoan
Plasmodium falciparum, erythrocyte pH is lowered by anywhere from 2% to 40% which causes
sickling in erythrocytes. Sickling changes the red blood cell's membrane permeability to potassium
ions. Normal red blood cells maintain a potassium ion internal concentration higher than that of
the surrounding blood. Upon sickling, the red blood cells lose potassium. At this stage in the
parasite development, a high potassium concentration is required. The loss of the ion upon sickling
deprives the parasite of the ion and the parasite dies.
This variation in red blood cells for carriers is an example of a good adaptation under specialized
conditions. But the consequences of sickle cell anemia are severe in individuals who are
homozygous for this trait. In most circumstances, it is detrimental and frequently results in death.
In most parts of the world, the sickle cell trait is being selected against. Only in some malariainfested areas does the sickle cell trait confer an advantage to survival.
Research conducted by Professor Adi Livnat and Dr. Daniel Melamed of the University of Haifa
found that de novo mutations (a genetic alteration that is present for the first time in one family
member as a result of a variant in a germ cell of a parent, or a variant that arises in the fertilized
egg itself during early embryogenesis) occurred in offspring’s beta-globin genes despite the
parents both possessing the homozygous wild type gene. Their findings suggest that these ‘out of
the blue’ mutations are not random, but rather, arise to benefit the organism. Livnat concluded that
it was no coincidence that the HbS gene frequency increased in the population endemic to malaria.
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These de novo mutations serve as an example of how a powerful Designer bioengineered
epigenetic mechanisms for life to adapt to its environment.
Genes play an important role in human health, but so do
behaviors and environment, such as what you eat and
how physically active you are. Epigenetics is the study of
how living organisms and environment can cause
changes that affect the way genes work (Fig. 6). Unlike
‘classic’ genetic changes, epigenetic changes are
reversible and do not change your DNA sequence, but
they can change how your body reads a DNA sequence
(CDC, 2022).

Fig. 6. Epigenetic mechanisms are
affected by several factors and processes
including development in utero and in
endemic malaria regions. Image from
National Institutes of Health, via
Wikimedia Commons.

Gene expression refers to how often or when proteins are
created from the instructions within your genes. While
genetic changes can alter which proteins are made,
epigenetic changes affect gene expression by turning
genes “on” or “off.” Since the environment and
behaviors, such as diet and exercise, can result in epigenetic changes, it is easy to see the
connection between your genes and your behaviors and environment. In a like manner, sickle cell
disease expression is different in Europe compared to Africa. Malaria is not endemic to Europe
any longer, whereas it is endemic throughout most of Sub-Saharan Africa.
In general, DNA mutations are permanent, some changes in chromosomes (i.e., chromatin:
DNA/RNA/Protein mix) are reversible. For example, DNA methylation patterns are largely erased
during gamete production and reestablished during embryonic development (Campbell Biology).
Furthermore, they can change by design, thus responding to environmental change. The Master
Bioengineer and Craftsman saw ahead and placed an adaptive response in living creatures from
the Beginning.
A classic example of this type has been well documented in mice. Biologists have known for some
time that certain environmental factors experienced by adult mice can be passed on to their
offspring via epigenetic mechanisms. The best example is the agouti gene, which is methylated in
normal brown mice. However, mice with an unmethylated agouti gene are yellow and obese,
despite being genetically identical to their skinny brown relatives. Altering the pregnant mother’s
diet can modify the ratio of brown to yellow offspring: folic acid results in more brown offspring
pups, while BPA results in more yellow offspring. We now see this phenomenon in malaria and
the sickle cell trait with the latest studies.
Adaptation in Action
The classic example of human “evolution in action” of the sickle cell anemia trait and malaria
story is now in question. Genes have broken; devolution and variation has occurred. It is really an
example of adaption in action. It’s also important to note that devolution is a loss of genetic
information that is expected to occur in whatever situation or moment when it would be helpful.
Mike Behe (2019) says: “I capture this fundamental evolutionary concept in my 2019 book Darwin
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Devolves, as what I call the First Rule of Adaptive Evolution: Break or blunt any gene whose loss
would increase the number of offspring.” Adaptation
means adjustment to the environment (Fig. 7). It is
amazing what the body can endure. Imagine if we
could not adapt to sudden changes in temperature, or
altitude, or if we could not tell the constant changes in
friction on the palms of our hands and soles of our feet.
The Creator has designed our body to adapt to a wide
variety of difficult, new conditions. Subtle responses
constantly occur in our body automatically such as the
constriction of the pupils in response to bright light or
the increase in the heart's output when we suddenly Fig. 7. The human body adapted to sickle
stand up. Sometimes we lose our balance because the cell trait. Image by Dr Graham Beards, via
heart does not increase cardiac output quite fast Wikimedia Commons.
enough. These features are called short-term
physiological adaptations. There is no indication that these adaptations resulted from the natural
selection of random mutations. In the case of malaria parasites, the body had to adjust to survive.
Physiological responses to environmental change are generally slower than behavioral responses
although some may occur in few generations. Those who hold the design view see adaptations as
preplanned, built-in variability for animals or humans, enabling them to survive in a changing
environment. Creationists predict that most adaptations are reversible and short-term, whereas
evolutionists would predict that most adaptations are irreversible, random, accidental, and longterm. To the creationist, adaptation is the care and concern of the Creator for everyone designed
by His hands, including a purpose, plan, symmetry, and interdependence. Real adaption must be
planned ahead of time. The Creator helps His creatures fit into various environments, meeting
changes within the same environment by the flexibility built into the genetic code.
What can the creationist conclude? Natural selection can (and sometimes does) slow the rate of
genetic decay produced by random mutations, but this hardly demonstrates that mutation/
selection produces upward and onward progress. Natural selection cannot create anything. We
can conclude, however, that "built-in" genetic variability, epigenetic changes, adaptive
mutations, and short-term physiological adaptations are helpful to human survival in a changing
world. They can be seen as examples of God's providence (provision) in an ever-changing world.
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